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Question 2 


Intent of Question 





The primary goals of this question were to assess students’ ability to (1) determine a conditional 
probability from a table of data; (2) use a table of data to determine whether or not two events are 
independent; (3) demonstrate an understanding of the concept of independence by constructing a graph 
that displays independence between two variables. 


Solution 
Part (a): 


Of the 200 male registered voters in Franklin Township, 48 are registered for Party Y. Therefore the 
conditional probability that a randomly selected voter is registered for Party Y, given that the voter is a 


48 
male, is —— =0.24. 
200 


Part (b): 


No, the events “is a male” and “is registered for Party Y” are not independent. One justification of this 
conclusion is to note that the conditional probability of the event “is registered for Party Y” given the 

event “is a male” — which was computed in part (a) — is not equal to the probability of the event “is 

registered for Party Y,” as shown below. 


Plis registered for Party Y| isa male) =0.24 


16 
P(is registered for Party Y) = = = 0.336 


Because 0.24 40.336, the two events are not independent. 


Part (c): 


The marginal proportions of voters registered for each of the three political parties (without regard to 
gender) are given below. 


Party W: ED =0.176 
500 


Party X: ee = 0.488 
500 


Party Y: 208 = 0.336 
500 


Because party registration is independent of gender in Lawrence Township, the proportions of males 
and females registered for each party must be identical to each other and also identical to the marginal 
proportion of voters registered for that party. Using the order Party W, Party X, and Party Y, the graph 
for Lawrence Township is displayed below. 
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Question 2 (continued) 





LAWRENCE TOWNSHIP 
x 
xs 
5 2 
3 
vD 
io) 
a 
oS 
= 
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
Proportion 


Scoring 


Parts (a), (b) and (c) are scored as essentially correct (E), partially correct (P) or incorrect (I). 


Part (a) is scored as follows: 
Essentially correct (E) if the response has the correct conditional probability AND shows the work. 


Partially correct (P) if the response has the correct reverse conditional probability (of being a male given 
that he is registered for Party Y), 


OR 
if the response has the correct conditional probability BUT does not show work. 


Incorrect (I) if the response fails to meet the criteria for E or P. 


Part (b) is scored as follows: 


Essentially correct (E) if the response identifies two values whose inequality implies a lack of 
independence between the events AND includes the following three components: 

1. Correct computations of the two values. 

2. An explicit statement of whether the two values are equal or unequal. 

3. An appropriate conclusion about the independence of the events. 


Partially correct (P) if the response identifies two values whose inequality implies a lack of 
independence between the events but includes only two of the three components listed above. 


Incorrect (I) if the response fails to meet the criteria for E or P. 


Part (c) is scored as follows: 


Essentially correct (E) if the response shows the same conditional distribution of party registration for 
both males and females AND includes the following two components: 

1. Correct proportions for each party. 

2. Correct labels (Party W, Party X, Party Y). 
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Question 2 (continued) 


Partially correct (P) if the response shows the same conditional distribution of party registration for 
both males and females AND includes only one of the two components listed above. 


Incorrect (I) if the response fails to meet the criteria for E or P. 
Note: For all three parts, an incorrect statement that indicate a serious misunderstanding of statistical 
concepts, even if unrelated to the rest of the response, lowers the score one level (that is, from E to P, or 
from P to I). An example of this is a response that indicates confusion between independent events and 
disjoint events. 
4 Complete Response 

All three parts essentially correct 
3 Substantial Response 

Two parts essentially correct and one part partially correct 


2 Developing Response 


Two parts essentially correct and one part incorrect 


OR 
One part essentially correct and one or two parts partially correct 
OR 
Three parts partially correct 
1 Minimal Response 
One part essentially correct and two parts incorrect 
OR 


Two parts partially correct and one part incorrect 


© 2011 The College Board. 
Visit the College Board on the Web: www.collegeboard.org. 


2. The table below shows the political party registration by gender of all 500 registered voters in 
Franklin Township. 


PARTY REGISTRATION-FRANKLIN TOWNSHIP 








(a) Given that a randomly selected registered voter is a male, what js the probability that he is registered for * 
Party Y? 


pladnd 8) = PCAD: PCB A) 
PLE ODD FREAD FOr POY UY = POMAIE)D » 
© (registered FOr PAAY G | pee eevee: ) 
= | ~ P(male | 
P Cegsisred Far parAy Wenale ) res 
| = H6/S0O_ _ .0O% 
Bla 7a Ye 


(b) Among the registered voters of Franklin Township, are the events “is a male” and “is registered for Party Y” 
independent? Justify your answer based on probabilities calculated from the table above. 


P(B\A)= P(B) | 
PIRSA FOr PAYS WHOANE) = p (regeed ak 
24 = Ql, 


NOT INDEPENDENT 
24 FE Al 


PIAS B) = P(A) -P(B) ccled 
PLiegsrored Fr party yy ATIC) = POTABLE 
Not Wlecg, = (Mb Lge) - ( M00 ) 
INDEPENDENT Qo = (230): (4) 
Go # .\BNU 


GO ON TO THE NEXT PAGE. 
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(c) One way to display the data in the table is to use a segmented bar graph. The following segmented bar 
graph, constructed from the data in the party registration—Franklin Township table, shows party-registration 


distributions for males and females in Franklin Township. 


FRANKLIN TOWNSHIP 


Gender 
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In Lawrence Township, the proportions of all registered voters for Parties W, X, and Y are the same as for 
Franklin Township, and party registration is independent of gender. Complete the graph below to show the 
distributions of party registration by gender in Lawrence Township. 


ae eat te | ’ 
LAWRENCE TOWNSHIP 


Gender 
Female 


e 





00 Ol 02,03 04 05 06 «O07 O08 09 10 
Proportion 


Since GEIS ANA PAYIY, KEQISHHANG), Ore 
~~ nclepenciesyr, Gander AGES Na+ MaHter <3) 
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_ 9erder. 


= 8 fegy = Tl 


GO ON TO THE NEXT PAGE. 


i 


\o% 
/q0 = 3360 
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2. The table below shows the political party registration by gender of all 500 registered voters in 
Franklin Township. 


PARTY REGISTRATION-FRANKLIN TOWNSHIP 


Female 


Male 





(a) Given that a randomly selected registered voter is a male, what is the probability that he is registered for 
Party Y? 


ov | \\ wale UY 


cei ~ yp 


Ka Yates “Lod 


(b) Among the registered voters of Franklin Township, are the events “is a male” and “is registered for Party Y” 
independent? Justify your answer based on probabilities calculated from the table above. 


events aye Wideyevident © PO) * Pw) = e(Aad). 
lek event Pr We “IS A male” and eVeMK OH be ‘is 


vegiskered Fv favty | a 


RRY= 20 (B= HB 2 1% 
SW Sov 


Yrne= 3 . 0 


Spd 


PRY ¥(8) = CHC. 9G) ~ 34 
NDA AE OA We NEWS OE VII Mdevandevit . 
GO ON TO THE NEXT PAGE. 
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(c) One way to display the data in the table is to use a segmented bar graph. The following segmented bar 
graph, constructed from the data in the party registration—Franklin Township table, shows party-registration 


distributions for males and females in Franklin Township. 


FRANKLIN TOWNSHIP 





Gender 
Female 


Male 
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In Lawrence Township, the proportions of all registered voters for Parties W, X, and Y are the same as for 
Franklin Township, and party registration is independent of gender. Complete the graph below to show the 


distributions of party registration by gender in Lawrence Township. 


LAWRENCE TOWNSHIP 


Gender 
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GO ON TO THE NEXT PAGE. 
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2. The table below shows the political party registration by gender of all 500 registered voters in 
Franklin Township. 


PARTY REGISTRATION-FRANKLIN TOWNSHIP 





(a) Given that a randomly selected registered voter is a male, what is the probability that he is registered for 


mem" Given thor ane voter is male, he probability 
Wor he GW veqrered for EBAY Yy ic a sine 
Here are ROO Males, Ouy of these 200,48 are, 
Teymreed Cr ROMY Y, Mngefre 43. yo, gay. of male 
2.00 
Ver, ce registered for Y. 


(b) Among the registered voters of Franklin Township, are the events “is a male” and “is registered for Party Y” 
independent? Justify your answer based on probabilities calculated from the table above. 


Based or the PmbabiuiiG aad) eeing a male’ 


Od " DANO) regirerel for Puty Y" Ore ot in . 
XK @dn ower. dependen 
x00 voters cue Male out of 00 foal wuiess , SO 


(Ue 
00 are mole,or AD). ures we 
26H) ah nije registred for uty Y out of 90D Pola | 
(% aiored by pouty 4) oY BS. 1. 
ot ,S0 ye wes Ore (GIS 
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GO ON TO THE NEXT PAGE. 
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(c) One way to display the data in the table is to use a segmented bar graph. The following segmented bar 
graph, constructed from the data in the party registration—Franklin Township table, shows party-registration 


distributions for males and females in Franklin Township. 


FRANKLIN TOWNSHIP 


Gender 
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In Lawrence Township, the proportions of all registered voters for Parties W, X, and Y are the same as for 
Franklin Township, and party registration is independent of gender. Complete the graph below to show the 
distributions of party registration by gender in Lawrence Township. 
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Question 2 
Overview 


The primary goals of this question were to assess students’ ability to (1) determine a conditional 
probability from a table of data; (2) use a table of data to determine whether or not two events are 
independent; (3) demonstrate an understanding of the concept of independence by constructing a graph 
that displays independence between two variables. 


Sample: 2A 
Score: 4 


In part (a) the student begins by writing the correct general formula for a joint probability and then applies 
the formula to the problem by replacing A with the event “male” and B with the event “registered for 
party y.” The student divides both sides of the equation by P(male) and derives the correct formula for a 


conditional probability. In the last line of work, the student correctly computes the conditional probability 
using the data given in the table. Part (a) was scored as essentially correct. Part (a) would also have been 
scored as essentially correct had the student simply begun at the fourth line with the correct formula for a 
conditional probability. In part (b) the student begins with the equation “ P(B| A) = P(B)” and again 
replaces A and B with the appropriate events. The work that follows makes it clear that the student plans 
to check whether that equality holds for the events A and B that were identified in part (a). The 
computations are correct, and the response states that the conditional and the marginal probabilities are 
unequal. The correct conclusion, “NOT INDEPENDENT,” appears on the left. This approach alone would 
have been sufficient for the response to part (b) to be scored as essentially correct. However, the student 
continues by performing a different (but equivalent) check for independence; that is, two events must be 
independent if their joint probability is equal to the product of their marginal probabilities. Once again the 
computations are correct, the response states that the two quantities are unequal, and the correct 
conclusion is made. This alone would also have been sufficient for the response to be scored as essentially 
correct. Because both approaches were done correctly, part (b) was scored as essentially correct. (Had 
either of the approaches contained a serious error, the other approach would not have overridden the one 
containing the error; the response would have then been scored according to the approach containing the 
error.) In part (c) the student draws line segments in the same places in the bars for both males and 
females, indicating an understanding of the concept of independence. The line segments are in the correct 
places, and party labels are included. Part (c) was scored as essentially correct. Although neither 
computations nor explanations were necessary for the response to part (c) to be scored as essentially 
correct, it is a strength of this response that the student shows the computations that indicate where the 
dividing line segments in the graph should be placed, gives the proportions in the graph itself, and 
includes a written statement that very clearly indicates an understanding of the concept of independence: 
“since gender and party registration are independent, gender does not matter so the probability [sic] are 
the same for each gender.” Because all three parts were scored as essentially correct, the response earned 
a score of 4. 


Sample: 2B 
Score: 3 


In part (a) the student correctly computes the conditional probability of a randomly selected registered 
voter being registered for Party Y given that the voter is male, using the data given in the table. Part (a) 
was scored as essentially correct. In part (b) the student states the generality that two events, A and B, are 
independent if the product of their marginal probabilities is equal to their joint probability. This is an 
appropriate way to determine whether two events are independent. The student then applies that rule in 
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Question 2 (continued) 


(es es 


context to the given problem by letting A be the event “‘is a male’” and letting B be the event “‘is 
registered for Party Y.’” The student correctly computes the two marginal probabilities, P(A) and P(B), 


my 


and the joint probability, P(A CMB). Finally, the student states that because the earlier condition for 


independence is not met — the product of the marginal probabilities is not equal to the joint probability — 
then “the events are not independent.” This conclusion is correct and justified by the student’s reasoning. 
Part (b) was scored as essentially correct. In part (c) the student draws line segments in the same places for 
males and females, which indicates some understanding of the concept of independence. However, the 
student places the dividing lines in the wrong places and incorrectly states, “if party registration is 
independent of gender, than [sic] each party should have the same proportion of voters.” This explains the 
erroneous placement of the dividing lines between party proportions at 1/3 and 2/3. Part (c) was scored as 
partially correct. Because two parts were scored as essentially correct and one part was scored as partially 
correct, the response earned a score of 3. 


Sample: 2C 
Score: 2 


In part (a) the student correctly computes the conditional probability that a randomly selected registered 
voter is registered for Party Y given that the voter is a male, using the data given in the table. The clear 
communication is a strength of this response. Part (a) was scored as essentially correct. In part (b) the 
student correctly computes the marginal proportion of all registered voters who are registered for Party Y 
and the marginal proportion of all registered voters who are male, referring to these proportions as 
“probabilities,” which is acceptable. However, the student asserts that because the two marginal 
probabilities are unequal, the events “‘being a male’ and ‘being registered for Party Y’ are not 
independent.” Marginal probabilities alone cannot be used to determine whether two events are 
independent, so the comparison is invalid. Although the computations and conclusion are correct, the 
critical part of the response —— a comparison by which the independence of two events can be assessed — 
is incorrect. Part (b) was scored as incorrect. In part (c) the student places line segments in the same 
places on the bars for females and males, indicating an understanding of the concept of independence. 
Although the student does not show the computations that led to the proportions of voters registered for 
Parties W and X (the computations for Party Y were shown in the previous part), it is still a strength of the 
response that the correct proportions are given in the graph along with party labels. Part (c) was scored as 
essentially correct. Because two parts were scored as essentially correct and one part was scored as 
incorrect, the response earned a score of 2. 
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